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FLUORESCENT PROTEINS , mMimm IG FEB 16^ 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of priority to Japan 
Patent Application No. 2003-207397, filed on August . 12 , 2003, 
and Japan Patent Application No, 2004-59611, filed on March 3 , 
2004, which are incorporated herein by reference. 

TECHNICAL FIELD . - 

The present invention relates to two kinds of proteins 
generated from calcium-binding photoproteins . More 
particularly, it relates to a fluorescent protein having 
chemiluminescence activity that can be used as a photogen in 
the field of amusement or as a marker in biological experiments, 
and to another fluorescent protein formed from the protein. 

First, the present invention relates to a novel complex 
that not . only has function (enzymatic function) to make a 
luminescence substrate emit light but also emits fluorescence 
in response to excitation of light, i.e., a novel fluorescent 
protein having chemiluminescence activity. This fluorescent 
protein (hereinafter described as bFP) can be obtained by 
reacting a calcium ion-binding photoproteiri with calcium ions 
etc. extremely slowly. This fluorescent protein is composed 
of coelenteramidor its analog coordinated inside the apoprotein 
of a calcium-binding photoprotein and calcium ions etc. bound 
to this apoprotein. The term "fluorescent protein," as used 
herein, means a "complex that emits fluorescence in response 
to excitation of light," as described above. 

The other protein is another novel fluorescent protein 
(hereinafter described as gFP) obtained by removing calcium ions 
etc. from the above-mentioned fluorescent protein (bFP) having 
chemiluminescence activity. Since this fluorescent protein 
(gFP) turns into a calcium-binding photoprotein by mixing it 
with coelenterazine or its analog, it can be used as a marker 
in biological experiments; 
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BACKGROUND ART 

A representative bioluminescence reaction is the 
oxidation reaction of a luminescent substrate, "luciferin" (a 
low-molecular " organic compound) , catalyzed by an enzyme 
(protein) called "lucif erase . " Luminescence is the release of 
energy in the form of light (photons) , produced when excited 
oxyluciferin molecules generated immediately after the 
oxidation reaction of luciferin return to the ground state. 
Thus, luminescence in which molecules, formed by reaction are 
excited by chemical reaction energy and emit visible light when 
returning from the excited state to the ground state is called 
chemiluminescence . In almost all cases , this chemical reaction 
is an oxidation reaction. 

On the other hand, fluorescence is the phenomenon in which 
a certain kind of substance absorbs the energy of light such 
as ultraviolet radiation or visible light and emits light. 
In this process, energy produced when excited molecules return 
to the ground state by absorption of light energy is released 
as light (photons) . Thus, prompt reemission of excitation 
energy absorbed by energy- absorbing functional groups 
(fluorescence chromophores) as light (photons) is fluorescence . 

However, the presence of substances having both 
chemiluminescence activity and fluorescence-generating ability 
has not yet been known. If such a substance is created, both 
measurement or detection using chemiluminescence. and 
measurement or detection using fluorescence will become possible 
in the same molecules . Undoubtedly, that will make a significant . 
contribution to industry. 

In addition, chemilumimescent enzymes isolated so far are 
unstable to heat. For example, when treated at 90°C for 5 min, 
they have lost chemiluminescence activity and never been 
recovered. Development of a heat-resistant chemilumimescent 
enzyme has been strongly desired. Meanwhile, calcium 
ion-binding photoproteins react specifically with calcium or 
strontium ions etc . and emit light instantaneously. ■ Currently, 
aequorin, clytin., obelin,. mitrocomin, mineopsin, bervoin, etc. 
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are known as the calcium ion-binding photoprotein family. 
Table 1 lists the calcium ion-binding photoproteins whose 
apoprotein has been isolated. 

Table 1 



Name 


Species, scientific neme' 


GeneBank Acc. No. 


Authors (vear) 


Aequorin 


Aequorea victoria 


L29571 


InouyeetaUlSSS) 


Aequorin 


Aequorea victoria 




Charbonntieau etal.(1985) 


Aequorin 


Aequorea victoria 


M16103 


Prasheret al.(1987) 


Aequorin 


Aequorea parva 


AYO 13522 


Luo et al.(2000) 


Aequorin 


Aequorea macrodactyla , 


AY013823 


Luo et ar.(2000) 


Cfytiii 
(=Phialidm) 


CtytiA(=Phialidium) greicenum 


LI 3247 


Inouye & TsMiKl993) 


Mrtrocomin 

(=Haiistarin) 


Mftrocoma(=Halistaura) cellularia 


L31623 


Fagan et a!. (1993) 


Obelin 


Obelia longissima 


U07128 


DlariQnoveta1.(1995) 


Obelin 


Obelia genicutata 


AF3946d8 


Maricovaetal.(2002} 



Among the calcium-binding photoproteins, aequorin has 
been studied especially in detail . Aequorin is a protein complex 
that binds specifically only with a trace amount of calcium ions 
and emits light instantaneously. It has been clarified from 
the crystal structures analyzed with X ray that aequorin is 
present as a complex (coelenterazine peroxide) composed of 
apoaequorin (apoprotein) , which is the protein portion- 
consisting of* 189 amino acids, coelenterazine corresponding 
to a luminescent substrate, and molecular oxygen (Head, J.F., 
Inouye, S., Teranishi, K.and Shimomura, 0.(2000) Nature, 405, 
372-376).. The light-emitting reaction and regeneration 
reaction of aequorin are shown below. 
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Aequolin ^ Apoaequorin (Ca^^) + Coelenteramide + COg + Light 

A 

Coeienterazine/Q> kca^^^/EDTA 



That is, when calcium ions bind to aequorin, a blue light 
(maximum wave length: 465-470 nm) emission takes place 
instantaneously; coelenteramid, an oxide of a coelenterazine , 
dissociates from apoaequorin; and carbon dioxide is released. 
(Shimomura, 0 . and Johnson, F.H. (1975) Nature 256, 236-238)/ 
On the other hand, apoaequorin that has bound to calcium 
ions and emitted light can" be regenerated to aequorin having, 
instantaneous light-emitting ability. This regeneration is 
realized by dissociating calcium ions bound to apoaequorin with 
a chelating agent such as EDTA and incubating with coelenterazine 
and oxygen in the presence of a reducing agent (dithiothreitol , 
2-mercaptoethanol , etc.) at low temperatures 
(Shimomura, O. andJohnson, F.H (1970) , Nature, 227, 1356-1357)-. 
It has been reported that feeble continuous luminescence 
is observed inprocess of the experiment in which natural aequorin 
is reacted with calcium ions and caused to emit light, and 
subsequently regenerated to aequorin in the presence of a 
chelating agent, a reducing agent, and coelenterazine that a 
luminescent substrate (Shimomura, O.and Johnson, F.H. (1975) 
Nature 256, 236-238) . Further, it has been predicted that a 
molecular species exhibiting feeble lucif erase-like activity 
would be present in a aequorin solution after having emitted 
light. However,' as to substances involved in feeble 
luminescence predicted to be present after the light-emitting 
reaction, participation of complexes etc. of 
calcium- apoaequorin- coelenteramid, 

apoaequorin-coelenteramid, and calcium-apoaequorin was not . 
confirmed. In addition, the amount of coelenteramid that is 
still present after a light-emitting reaction was 17% for natural 



apoaequorin and 33% for recombinant apoaequorin. That is, 
although the presence of the complex of calcium 
ion-apoaequorin-coelenteramid was predicted, it was not 
isolated and purified, or confirmed. As for the mechanism of 
feeble continuous luminescence , calcium-apoaequorin- 
coelenteramid, apoaequorin-coelenteramid, and 

calcium-apoaequorin have not been isolated or identified, either . 
The presence of these complexes was not predicted based on the 
precise fact, and was only speculated (Shimomura, O. (1995) 
Biochem. J.306, 537-543), 

On the other hand, the inventors have already reported 
that the mere addition of coelenterazine to calcium-bound 
apoaequorin (calcium-apoaequorin) without coelenteramid 
exhibits feeble continuous luminescence (Japanese Laid-Open 
Application No. 1989-47379) . However, it has not been known 
what kind of substance it is that emits feeble luminescence. 

An object of the present invention is to provide a novel 
luminescent substance and a novel fluorescent substance. It 
turned out, surprisingly, that the substances produced for that 
purpose are the first that have both chemiluminescence activity 
and fluorescence-generating ability. 

Accordingly, the first object of the present invention 
is to provide a fluorescent protein having chemiluminescence 
activity. Specifically, it is to provide a novel fluorescent 
protein (bFP) having chemiluminescence activity, generated from 
a calcium-binding photoprotein, and further, a method for 
producing such a protein together with its specific use. 

The second object is to produce another novel fluorescent 
protein (gFP) from the fluorescent protein (bFP) having 
chemiluminescence activity and to provide its specific use. 

DISCLOSURE OF THE INVENTION 

Fluorescent protein having chemiluminescence activity 

The present invent ion provides a novel fluorescent protein 
having chemiluminescence activity (enzyme activity) . 
This is the substance based on a novel concept, which has never 
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existed before, having the activity catalyzing light -emitting 
reaction of a luminescent substrate combined with 
fluorescence-generating ability. 

This novel substance is extremely useful in industry 
because of having both chemiluminescence activity and 
fluorescence-generating ability, enabling both measurement or 
detection using chemiluminescence and measurement or detection 
using fluorescence in one. substance. To be specific, it is 
possible to, while measuring the intensity of fluorescence 
emitted by irradiating excitation light, measure that 
luminescence intensity by adding a luminescent substrate to the 
same sample. For example, both of the following methods for 
detecting a target substance will be possible: (a) aligand (e.g., 
an antibody, biotin, a receptor, etc. ) for the. target substance 
to be detected is bound to the fluorescent protein having 
chemiluminescence activity according to the present invention, 
the fluorescent protein is bound to the target substance to be 
detected via the ligand, and then a luminescent substrate is 
added, so that generated light is detected. (b) excitation light 
is irradiated, so that generated fluorescence can is detected. 
Use of these two kinds of highly- sensitive detection systems 
will realize detection, tracking, and so forth of the target 
substance. 

The substance that is specifically prepared in the present 
invention is derived from a calcium-binding photoprotein, and 
its fluorescence spectrum is identical to the emission spectrum 
of the originating photoprotein. 

The specific fluorescent protein (bFP) having a 
chemiluminescence activity provided by the present invention 
is composed of the apoprotein of a calcium-binding photoprotein, 
coelenteramid or its analog, and calcium ions or divalent or 
trivalent ions that can be substituted for the calcium ions. 
In the complex of apoprotein and coelenteramid or its analog, 
the ratio of the number of molecules of the former to that of 
the latter is preferably 1:1. In the complex of apoprotein and 
calcium ions or divalent or trivalent ions that can be substituted 



7 



for the calcium ions, the ratio of the number of molecules of 
the former to that of the latter is preferably 1:1- to 1:4, more 
preferably 1:2 to 1:3. 

The apoprotein of a calcium-binding photoprotein 
constituting the fluorescent protein (bFP) having a desirable 
chemi luminescence activity is selected from the group consisting 
of apoaequorin, apoclytin, apoobelin, apomitrocomin, 
apomineopsin, and apobervoin. 

Apoaequorin, apoclytin, apoobelin, and apomitrocomin 
have the amino acid sequences of SEQ ID NOs : 1, 2, 3, and 4, 
respectively, in the sequence listing. These may be mutants 
in which one or more amino acids are deleted, substituted, or 
added in the sequences in the sequence listing. The apoprotein 
of a calcium-binding photoprotein may be a mutant apoprotein 
in which at least one of at least two free sulfhydryl groups 
possessed by the apoprotein may be substituted with a hydroxyl 
group so that disulfide, bonds cannot be formed. 

Coelenteramid or its analog constituting the fluorescent 
protein (bFP) having chemiluminescence activity is represented 
by the following formula (1) or (2) : 
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wherein 

is a substituted or unsubstituted aryl group, a 
substituted or unsubstitutedarylatedalkyl group, or a straight 
or branched chain alkyl group that may be substituted by an 
aliphatic cyclic group; preferably an unsubstituted aryl group, 
an unsubstituted arylated alkyl group, an arylated alkyl group 
substituted by a hydroxyl group or a halogen atom, or a straight 
or branched chain alkyl group that may be substituted by a 
cyclohexyl group; and more preferably a phenyl group, a benzyl 
group, a p-hydroxybenzyl group, a p-f luorobenzyl group, a 
p-chlorobenzyl group, a p-bromobenzyl group, a p-iodinebenzyl 
group, a 3, 4-dif luorobenzyl group, a pentaf luorobenzyl group, 
a phenyl ethyl group, aphenylpropyl group, anaphthylmethyl group, 
acyclohexylmethyl group, amethyl group, a 1-methylpropyl group, 
or a 2-methylpropyl group. 

is a substituted or unsubstituted aryl group, a 
substituted or unsubstituted arylated alkyl group, a substituted 
or unsubstituted aryl alkenyl group, a straight or branched chain 
alkyl group that maybe substituted by an aliphatic cyclic group, 
a straight or branched chain alkenyl group that maybe substituted 
by an aliphatic cyclic group, or a heterocyclic group; preferably 
an unsubstituted aryl group, an aryl group substituted by a 
hydroxyl group, an unsubstituted arylated alkyl group, an 
arylated alkyl group substituted with a hydroxyl group, an 
unsubstituted aryl alkenyl group, an unsubstituted straight or 
branched chain alkyl group, a straight chain alkyl group that 
maybe substituted by an aliphatic cyclic group, a branched chain 
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alkenyl group, a heterocyclic group containing sulfur; and more 
preferably a phenyl group, a p-hydroxy phenyl group, a benzyl 
group, an a-hydroxybenzyl group, a phenylethyl group, a 
phenylvinyl group, a cyclohexyl group, a cyclohexylmethyl group, 
a cyclohexylethyl group, a methyl group, an ethyl group, a propyl 
group, a 2-methylpropyl group, a 2-methylpropenyl group, an 
adamantylmethyl group, a cyclopentylmethyl group, or a 
thiophene-2-yl .group. 

is a hydrogen atom, a substituted or unsubstituted alkyl 
group, preferably a hydrogen atom, a methyl group, or 
2 - hydroxye t hyl group . 

is a hydrogen atom, a hydroxy 1 group, a halogen atom, 
an alkoxyl group, or an amino group, particularly preferably 
a hydrogen atom, a hydroxy 1 group, a fluorine atom, a methoxy 
group, or an amino group. 

is a hydrogen atom or a hydroxyl group. 

Y is a divalent hydrocarbon group having 1 to 4 carbon 
atoms, preferably a methylene group, ethylene group, apropylene 
group, or a vinylene group. 

Calcium ions or diyalent or trivalent ions that can be 
substituted for the calcium ions constituting the fluorescent 
protein (bFP) having chemiluminescence activity according to 
the present invention is preferably calcium ions, strontium ions , 
and lead ions. 

The present invention provides a fluorescent protein (bFP) 
having chemiluminescence activity, in which a ligand for a target 
substance to be detected is bound to the apoprotein of a 
calcium-binding photoprotein. This ligand can be covalently 
bound to a free sulfhydryl group or amino group of an apoprotein 
either directly or via a spacer, but the binding method is not 
"limited thereto. 

The fluorescent protein (bFP) having chemiluminescence 
activity- according to the present invention is caused to emit 
light' by catalytically degrading coelenterazine or its analog. 
The light -emitting reaction lasts longer in the presence of a 
reducing agent. 
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Coelenterazine or its analog used for the light-emitting ^ 
reaction is represented in the following formula (3) or (4) : 




(R^, R^, R"^, X^, X^' and Y in the formulas are identical to those 
in formulae (1) and (2)^) . 

When detecting a target substance using a fluorescent 
protein, the fluorescent protein having chemiluminescence 
activity to which the ligand for the target substance to be 
detected is bound to the target substance via the ligand, a 
luminescent substrate is added to trigger light emission, and 
at the same time fluorescence is used for detecting the target 
substance. 

The fluorescent protein (bFP) having chemiluminescence 
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activity according to the present invention can have its thermal 
stability enhanced by adding a reducing agent into its solution. 
A particularly preferred reducing agent is dithiothreitol or 
mercaptoethanol . 

The present invention provides a luminescence kit that 
combines a fluorescent protein (bFP) having chemiluminescence - 
activity with coelenterazine or its analog. At least one of 
the reagents containing the fluorescent protein (bFP) having 
chemiluminescence activity or a coelenterazine or its analog 
included in the kit preferably contains a reducing agent . However , 
the reducing agent may be provided as an independent reagent 
of the aforementioned reagents in the kit. The luminescence 
kit may be used in the field of amusement, but the field of use 
is not limited thereto. ' . 

The present invention provides methods for producing a 
fluorescent protein (bFP) having chemiluminescence activity.. 
The fluorescent protein (bFP) having chemiluminescence activity 
according to the present invention can be produced by reacting 
under gentle conditions a calcium-binding photoprotein with a 
solution of calcium ions or divalent or trivalent ions that can 
be substituted for the calcium ions. 

"Gentle conditions , " as used herein refers to conditions in which 
'the reaction is performed such that substantially all of the 
coelenteramid or its analog formed remains coordinated into the 
apoprotein to substantially prevent de novo formation of 
disulfide bonds . The fluorescent protein (bFP) can be produced 
by, for example, reacting a calcium-binding photoprotein with 
a solution of 10"^ M or less of calcium ions or divalent or trivalent 
ions that can be substituted for the calcium ions. 

The fluorescent protein (bFP) having the 
chemiluminescence activity according to the present invention 
can also be produced by reacting a solution of calcium ions or 
divalent or trivalent ions that can be substituted for the calcium 
ions with a fluorescent protein (gFP) consisting of the 
apoprotein of a calcium-binding photoprotein and coelenteramid 
or its .analog, which will be described later. 
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Fluorescent protein (gFP) 

The present invention further provides a novel fluorescent 
protein (gFP) that can be formed from a fluorescent protein (bFP) 
having chemiluminescence activity and that does not contain 
calcium ions. The fluorescent protein (gFP) consists of the 
apoprotein of a calcium-binding photoprotein and coelenteramid 
or its analog. In the complex of an apoprotein and coelenteramid 
or its analog, the molar ratio of the number of molecules of 
the former to that of the latter is pref erably . 1 : 1 . 

The apoprotein of a calcium-binding photoprotein that 
constitutes a fluorescent protein (gFP) is the same as explained 
above as the apoprotein of a fluorescent protein (b.FP) having 
chemiluminescence activity, which was previously mentioned. 
Coelenteramid or its analog that constitutes a fluorescent 
protein (gFP) is the same as explained above for a fluorescent 
protein (bFP) having chemiluminescence activity, which was 
previously mentioned. 

The present invention also provides a fluorescent protein 
(gFP) in which, when detecting a target substance, a ligand for 
the target substance to be detected is bound to the apoprotein 
of a calcium-binding photoprotein. The ligand can be covalently 
bound to a free sulfhydryl group or amino group of an apoprotein 
either directly or via a spacer. 

When the fluorescent protein (gFP) according to the present 
invention reacts with calcium ions or ions that can be substituted 
for the calcium ions , the wavelength of the fluorescence emitting 
light changes . Taking advantage of such changes in fluorescence 
wavelength therefore enables detection and quantification of 
calcium ions or ions that can be substituted for the calcium 
ions. Thus, the present invention provides reagents for 
detection and quantification of calcium ions or ions that can 
be substituted for the calcium ions, including a fluorescent 
protein (gFP) 

Making coelenterazine or its analog react on the 
fluorescent protein (gFP) according to the present invention 
turns the protein into a calcium-binding photoprotein. The 
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present invention can therefore provide a method for producing, 
a calcium-binding photoprotein in which coelenterazine or its 
analog is made to react on the fluorescent protein (gFP) . In 
this production method, it is desirable to make them react In 
the presence of a reducing agent. 

Coelenterazine or its analog used for the product ion method 
of a calcium-binding photoprotein is the same as explained for 
the previously-mentioned fluorescent protein (bFP) having 
chemiluminescence activity. 

A kit for producing a calcium-binding photoprotein, which 
combines the fluorescent protein (gFP) according to the present 
invention with coelenterazine or its analog, is provided. 
At least one of the reagents containing the fluorescent protein 
(gFP) or a coelenterazine or its analog in the calcium-binding 
photoprotein product ion kit preferably contains a reducing agent 
However, the reducing agent may be provided as an independent 
reagent in the kit. 

In detecting a target substance using a fluorescent protein 
(gFP) , binding of the fluorescent protein (gFP) to which a ligand 
for the target substance to be detected has been bound to the 
target substance to be detected via the ligand and then adding 
of coelenterazine or its analog results in formation of a 
calcium-binding photoprotein. Subsequent addition of calcium 
ions or divalent or trivalent ions that can be substituted for 
the calcium ions makes the calcium-binding photoprotein emit 
light instantaneously. This instantaneous light, emission can 
be used as a marker in detection of a target substance . Further, 
since a fluorescent protein (gFP) that remains uhreacted has 
fluorescence-generating ability, it is possible to continue 
detection of a target substance by using the fluorescence. 

The fluorescent protein (gFP) according to the present 
invention may be produced by treating the previously-described 
fluorescent protein (bFP) having chemiluminescence activity (a 
protein complex composed of the apoprotein of a calcium-binding 
photoprotein, coelenteramid or its analog, and calcium ions or 
divalent ions that can be substituted for the calcium ions) with 
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a chelating agent to remove calcium ions or divalent ions that 
can be substituted for the calcium ions. 

Relationship among a fluorescent protein (bFP) having 
chemiluminescence activity, a fluorescence protein (gFP) , and 
aequorin 

A fluorescent protein (bFP) having chemiluminescence 
activity, a fluorescence protein (gFP) , and aequorin will be 
explained using FIG. 4. In the figure, CTM, CTZ, and EDTA 
represent coelenteramid, coelenterazine, and 

ethylenediaminetetraacetic acid, respectively. 

Aequorin is a kind of calcium-binding photoprotein and 
present as a complex (coelenterazine peroxide) composed of 
molecular oxygen and coelenterazine coordinated inside 
apoaequorin that is an apoprotein. To produce the fluorescent 
protein (bFP) having chemiluminescence activity according to 
the present invention, an aequorin solution is overlaid with 
an extremely weak calcium ion solution and reacted for typically 
24 hours or longer, though time required until completion of 
a reaction varies depending on the quantity of the protein. In 
this case, aequorin continues to emit feeble light and 
coelenterazine, the substrate, is decomposed into coelenteramid 
and carbon dioxide . 

The fluorescent protein (bFP) having chemiluminescence 
activity according to the present invention is obtained by making 
calcium ions react on aequorinunder extremely gentle conditions; 
the product obtained is different from that when aequorin is 
caused to instantaneously emit light, as conventionally 
performed. Aequorin caused to instantaneously emit light, as. 
conventionally performed, reacts with excessive calcium ions 
all at once. In this case, a rapid change occurs in the 
conformation of apoaequorin that is an apoprotein, preventing 
most of the coelenteramid from remaining inside the apoaequorin. 
However, in the fluorescent protein (bFP) having 
chemiluminescence activity obtained under extremely gentle 
conditions according to the present invention, the 
coelenteramid remains coordinated inside the apoaequorin, so 
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that the ratio of the number of molecules is 1:1 in the complex. 

Treatment of a fluorescent protein (bPP) . having 
chemiluminescence activity with EDTA results in the removal of 
calcium. ions to provide an fluorescent protein (gFP) . 
Addition of calcium ions to the resulting fluorescent protein 
(gFP) returns it to the original fluorescent protein (bPP) having 
chemiluminescence activity. Addition of cpelenterazine to this 
fluorescent protein (gFP) causes substitution of the 
coelenteramid within apoaequorin for coelenterazine to forhn 
aequorin. This aequorin is capable of emitting light 
instantaneously upon reaction with calcium ions. 

The wavelengths of fluorescence radiated from a 
fluorescent protein (bFP) having chemiluminescence activity and 
a fluorescent protein (gFP) formed by removing the calcium ion 
etc. from bFP, from a bFP are determined depending on the kind 
of the chromophore contained in them, i . e coelenteramid or 
its-^ analog. 

Addition of coelenterazine to a fluorescent protein (bFP) 
having chemiluminescence activity triggers a light-emitting 
reaction in the fluorescent protein (bFP) . In this case, the 
coelenterazine added is incorporated into the apoaequorin to 
be catalytically oxidized. . The persistence time of the 
luminescence catalytic act ivity is fairly long , though it depends 
on the conditions such as the presence or absence of a reducing 
agent . In the absence of a reducing agent , the sulf hydryl groups 
in an apoaequorin molecule forms a disulfide bond in a relatively 
short time to lose its chemiluminescence activity. In the 
presence of a reducing agent, since disulfide bond formation 
is inhibited, the chemiluminescence activity continues 
typically for 2 hours or longer. It is known that mutated 
aequorin, having a mutated apoaequorin in which cysteine residues 
are deleted or substituted with other amino acids, has activity 
equal to that of the wild- type aequorin. It is highly likely 
that the fluorescent protein (bFP) having chemiluminescence 
activity prepared from such the mutated aequorin does not require 
the addition of a reducing agent. 
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Calcium ions , shown in the figure to be bound to the EF-handSc 
of aequorin, do not need to be bound to all of the three. 
In addition, calcium ions may be divalent or trivalent ions that 
can be substituted for them. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the fluorescence spectrum of bFP-aq (solid 
line) and the fluorescence spectrum of gFP-aq (dotted line) . 

FIG. 2 shows fluorescence intensity of bFP-aq measured 
after being allowed to stand for 1, 3, 9, and 18 min at 24 °C, 
following heating at 90 °C for 3 min, represented as the relative 
intensity to bFP-aq unheated (-HEAT) . 

FIG. 3 shows the amount of product obtained from preparation 
of aequorin by adding coelenterazine to gFP-aq, measured by 
luminescence intensity using calcium, the amount being 
represented as a correlation with incubation time. 

FIG. 4 shows the interrelation of a fluorescent protein 
(bFP) having luminescence activity, a fluorescent protein (gFP) , 
coelenterazine (CTZ) , coelenteramid (CTM) , calcium ions, and 
aequorin (AQ) . 

BEST MODE FOR CARRYING OUT THE INVENTION 
1. Fluorescent protein having chemiluminescence. activity 
1-1. Composition and conformation of a fluorescent protein (bFP) 
having chemiluminescence activity 

Calcium-binding photoproteins are used for detection of. 
calcium by taking advantage of sensitive instantaneous 
luminescence, generated when they encounter calcium ions. In 
the detection, the calcium-binding photoprotein 
instantaneously react s with the calcium ions and the conf ormat ion 
of the apoprotein is changed all at once. As a result, most 
coelenteramid generated inside the apoprotein is released from 
the inside of the apoprotein (Shimomura (1995) , Biochem J. 306 , 
537-543) . Simultaneously, the free sulfhydryl group of the 
apoprotein is oxidized to form a disulfide bond. Since 
conformational change is instantaneous, the composition and 
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conformation of a responsible substance could not be identified, 
though feeble chemiluminescehce activity. ' (lucif erase-like 
activity) or fluorescence-generating ability has been so far 
detected after causing a calcium-binding photoprotein such as 
aequorin to emit light using calcium. 

The inventors succeeded in identifying a novel fluorescent 
protein (bFP) having chemiluminescence activity by reacting a 
calcium-binding photoprotein with calcium ions under the 
reaction condition completely different from the conventional 
reaction 'conditions of a calcium-binding photoprotein with 
calciumions, i . e. , under an extremely gentle reaction condition. . 

The fluorescent protein (bFP) having chemiluminescence 
activity according to the present invention is- composed of the 
apoprotein of a calcium-binding photoprotein, coelenteramid or 
its analog, and calcium ions or divalent or trivalent ions that 
can be substituted for the calcium ions . The ratio of the number 
of molecules in the complex, of the apoprotein to the 
coelenteramid or its analog, is preferably' 1 : 1 . The ratio of- 
the number of molecules in the complex, of the apoprotein to 
the calcium ions or divalent or trivalent ions that can be 
substituted for the calcium ions , is preferably 1 : 1 to 1 : 4 , more 
preferably 1:2 to 1:3, and still more preferably 1:3. In this 
complex, coelenteramid or its analog is coordinated inside the 
apoprotein, and calcium ions are bound mainly to the EF-hands 
of the apoprotein. 

As will be shown in Examples, having an excellent thermal 
stability as compared with lucif erase, a representative 
photoprotein, the fluorescent protein (bFP) having 
chemiluminescence activity according to the present invention 
is applicable to the fields in which luciferase could never be 
used. 

1-2. Production of a fluorescent protein (bFP) having 
chemiluminescence activity 

A fluorescent protein (bFP) having chemiluminescence 
activity can be produced by reacting a calcium-binding 
photoprotein with calcium ions or divalent or trivalent ions 
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that can be substituted by calcium ions under an extremely gentle 
(i.e., extremely slow in reaction velocity) condition. 
"Reacting under an gentle condition" in the present invention 
refers to reacting under conditions such that after a 
calcium-binding photoprotein is reacted with calcium ions etc . , 
coelenteramidor its analog remains coordinated to the apoprotein 
and disulfide bonds are not substantially formed. 

For example, a highly viscous solution of a calcium-binding 
photoprotein may be .overlaid with an extremely thin solution 
of calcium ions etc. and reacted at low temperature for a long 
time. In this case, the reaction temperature is preferably 0 
to 30. °C, more preferably 4 °C. The reaction time is preferably 
24 hours or .longer, though it varies depending on the 
concentration of the protein. 

On that occasion the concentration of calcium ions is 
preferably lower. This is because the lower the concentration 
of calcium ions the less frequently calcium ions contact (react) 
with a calcium-binding photoprotein. ,0n the contrary, the 
concentration of a calcium-binding photoprotein solution is 
preferably higher ; This is because the higher the concentration 
of a protein complex solution the higher the viscosity of the 
protein complex solution and the more slowly the mixing of the 
calcium ion solution and the protein complex solution proceeds . 

Specifically, an aqueous solution of calcium ions or 
divalent or trivalent ions that can be substituted for the calcium 
ions at a concentration of 10"'^ M (mol/l) or lower is added so 
that its molar ratio to a calcium ion-binding photoprotein is 
1 to 4 . The molar ratio of ions, such as calcium ions, to a 
calcium-binding photoprotein may be equal to or greater than 
the ratio of the number of molecules (e.g., 4 or greater) in 
the fluorescent protein (bFP) having chemiluminescence activity 
of interest, as long as the reaction proceeds slowly. To attain 
reaction conditions required for the present invention, 
variations in reaction vessel design changes, selection of 
solvents, and use of a semipermeable membrane, etc. are possible, 
and the descriptions herein should not be construed as 
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limitations on the scope of the invention. 

1-3. Apoprotein that constitutes a fluorescent protein (bFP) 
having chemiluminescence activity 

The apoprotein of a calcium-binding photoprotein is used 
as an apoprotein that constitutes the fluorescent protein (bFP) 
having chemiluminescence activity according to the present 
invention. "A calcium-binding photoprotein" as used herein 
refers to a protein complex that reacts with calcium ions or 
divalent or trivalent ions equivalent thereto and emits light. 
The examples include aequorin, clytin, obelin, mitrocomin, 
mineopsin, and bervoin. These may be either prepared from the 
nature or produced by genetic engineering. In addition, the 
amino acid sequence of the calcium-binding photoprotein may be 
mutated by gene recombination technology, as long as it has the 
aforementioned luminescence activity. 

The amino acid sequence of the apoaequorin that is the 
apoprotein of naturally-occurring aequorin, is shown in SEQ ID 
NO: 1 in the sequence listing. Any apoaequorin, besides the 
one containing amino acid sequence described in SEQ ID NO: 1, 
can be used even if it is a known or unknown apoaequorin mutant 
as long as it is capable of constituting a calcium-binding 
photoprotein . Accordingly, the apoaequorin used in the present 
invention includes the apoaequorin having the amino acid sequence 
described in SEQ ID NO: 1 as well as a mutant apoaequorin in 
which one or more amino acids are deleted, substituted, or added 
in t'he amino acid sequence described.n SEQ ID NO: 1 . One example 
of a particularly preferred mutant apoaequorin is the one in 
which the first Val is substituted with Ala-Asn-Ser in SEQ ID 
NO: 1. ' 

The amino acid sequence of the apoclytin that is the 
apoprotein of the wild- type clytin, is shown in SEQ ID NO: 2 
in the sequence listing. The amino acid sequence of the 
apoobelin that is the apoprotein of the wild-type obelin, is 
shown in SEQ ID NO: 3 in the sequence listing. The amino acid 
sequence of the apomitrocomin that is the apoprotein of the 
wild- type mitrocomin, is shown in SEQ ID NO: 4 in the sequence 
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listing. These may be mutants in which one or more amino acids 
are deleted, substituted, or added in each of the sequences. 

The fluorescent protein (bFP) having chemiluminescence 
activity according to the present invention will lose its 
chemiluminescence activity when the free sulfhydryl groups of 
cysteine residues in the apoprotein are oxidized to form a 
disulfide bond. Therefore it is considered that mutated 
apoproteins, in which free sulfhydryl groups are deleted or 
substituted, whereby a disulfide bond cannot be formed, never 
lose its chemiluminescence activity. For example, it is 
expected that a fluorescent protein (bFP) having its cysteine 
residue substituted with serine residue sustains its activity 
because the disulfide bonds, is not formed. 

1-4 . Coelenteramid that constitutes a fluorescent protein (bFP) 
having chemiluminescence activity. 

The coelenteramid or its analog that constitutes the 
fluorescent protein (bFP) having chemiluminescence activity 
according to the present invention is represented in the 
previously-mentioned formula (1) or (2) . 

Specific preferable compounds as coelenteramid or its 
analog will be described later. 

1-5. Metal ions that constitute a fluorescent protein (bFP) 
having chemiluminescence activity 

Metal ions that bind to the fluorescent protein (bFP) 
having chemiluminescence activity according to the present 
invention are calcium ions or divalent or trivalent ions that 
can be substituted for the calcium ions. "Ions that can be 
substituted for the calcium ions" as used herein refers to those 
ions which cause a light-emitting reaction when they react with 
a calcium-binding photoprotein such as aequorin in place of 
calcium ions. In other words, they refer to ions that exert 
the similar function to calcium ions on a calcium-binding, 
photoprotein. Examples of such ions include magnesium ions 
(Mg^*) , strontium ions (Sr^*) , barium ions (B 
a^^), lead ions (Pb^^) , cobalt ions (Co^^) , nickel ions (Ni^^) , 
cadmium ions (Cd^"") , yttrium ions (Y^"") , lanthanum ions (La^"") , 
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samarium ions (Sm^"^) , europium ions (Eu^*) , dysprosium ions 
(Dy^*) , thulium ions (Tm^*) , and yttribium ions (Yb^'') . Among 
these, divalent metal ions are preferable and divalent ions of 
metals other than transition metals (e.g. , Ca^"", Sr^"", and Pb^"") 
are more preferable. 

In addition, binding of at least one of each of these ions 
to the so-called EF-hands of a calcium-binding photoprotein is 
all that is required, but binding of two or more is preferable 
and binding of three is particularly preferable. 
1-6. Fusion substance of a fluorescent protein having 
chemiluminescence activity and a ligand for a target substance 

When detecting a target substance using a fluorescent 
protein having chemiluminescence activity, the fluorescent 
protein can be bound to a ligand for a target substance to be 
detected either directly or via a spacer. A ligand refers to 
a substance that specifically binds to a substance to be detected 
(a protein, a peptide, an enzyme, a receptor, an antigen, or 
an antibody) directly or indirectly when using a fluorescent 
protein having chemiluminescence activity as a detect ion marker . 

For example, in detecting a receptor, humoral factors 
(insulin-like hormone, cytokine, TNF, Fas ligand, etc.) that 
bind to a receptor are the ligand. Further, in detecting a 
humoral factor, the proteins that constitutes its receptor are 
the ligand. In detecting a receptor for a drug, the drug is 
the ligand, and in detecting a drug, the drug receptor is the 
ligand. 

As another example, in detecting an enzyme, its substrate 
is the ligand, and in detecting the substrate of an enzyme, the 
enzyme is the ligand. In detecting a single -stranded nucleic 
acid, a complementary nucleic acid may be the ligand. In 
detecting another substance that specifically bind to a 
polysaccharide, the polysaccharide is the ligand. In addition, 
DNA binding proteins , such as lectin and transcription factors , 
which can specifically bind to a blood coagulation factor, can 
also be the ligand. 

It is also possible to indirectly detect a substance to 
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be detected. For example, an antibody against a substance to 
be detected is conjugated by avidin or biotin and their partner, 
biotin or avidin (or streptavidinj , may be used as a ligand. 
When avidin has been conjugated to an antibody against" a target 
substance to be detected, indirect binding between the target 
substance and a fluorescent protein can be done using a 
fluorescent protein having chemiluminescence activity to which 
biotin has been bound, following binding of the antibody to the 
target . substance . 

Thus, a ligand encompasses a wide range of substances 
bindable either directly or indirectly to a target of detection, 
but various proteins, biotin, avidin, streptavidin, anantibody, 
nucleic acids, etc. are preferable. 

A ligand can either be directly bound to the apoprotein 
of the fluorescent protein (bFP) having fluorescence activity 
according to the present invention or be bound to the apoprotein 
of a calcium-binding photoprotein, which is the material for 
production of the fluorescent protein (bFP) . That is, a 
ligand-bound fluorescent protein (bFP) having 

chemiluminescence activity can be produced by any one of the 
followig: (a) a method for directly binding a ligand to a 
fluorescent protein (bFP) having chemiluminescence activity; 
(b) a method for binding a ligand to a calcium-binding protein 
complex and subsequently making it react with calcium ions etc, 
slowly; and (c) a method for binding a ligand to an apoprotein 
and subsequently making it react with coelenterazine or its 
derivative to obtain a calcium-binding photoprotein, which is 
then made to react with calcium ions etc. slowly. 

Many methods for binding a ligand to a protein have been 
reported, and any of such methods can be used, in the present 
invention. A ligand can bind via an SH group, a hydroxy 1 group, 
an amino group, etc. in the apoprotein. Binding to a ligand 
may be direct in consideration of the molecular size of the 
apoprotein and steric hindrance to the ligand, or maybe indirect 
via a linker or a spacer. A binding reagent can be prepared 
by conjugating a ligand or a ligand and a spacer to N- hydroxy 
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succinimide, 4-nitrophenol , etc. Commercially available 
reagents such as succinimidyl 6- (biotinamido) hexanoate 
(NHS-LC-Biotin) and biotin 4-nitrophenylester can be used. 

When binding a 1 igand to a hydroxyl group or an amino group , 
in order to prevent formation of -S-S- in apoprotein molecules/ 
it is desirable to bind them in the presence of a reducing agent 
such as mercaptoethanol or dithiothreitol . 

A ligand-bound fluorescent protein (bFP) having 
chemiluminescence activity can be produced by reacting a 
ligand-bound calcium-binding photoprotein (composed of. a 
ligand-bound apoprote^in and coelenterazine) with ions such as 
calcium ions under an extremely gentle condition as previously 
described. 

1-7 . Use of a fluorescent protein (bFP) having chemiluminescence 
activity 

The fluorescent protein (bFP) having chemiluminesjcence 
activity according to the present invention can be used as a 
luminescence catalyst because of acting on a luminescent 
substrate to make it emit light . The chemi luminescent substrate 
is a coelenterazine or its analog. "An analog of coelenterazine" 
as used herein refers to a compound, capable of constituting 
as an apoprotein a calcium-binding photoprotein such as aequorin, 
like coelenterazine. Specific analogs of coelenterazine are 
represented in previously-described formula (3) or formula (4) . 

These coelenterazine and its analogs emit light when being 
oxidized, when carbon dioxide is emitted, to the corresponding 
coelenteramidby the catalytic action of the fluorescent protein 
(bFP) having chemiluminescence activity according to the present 
invention. Luminescence resulting from addition of 
coelenterazine or its analog to the fluorescent protein (bFP) 
having chemiluminescence activity according to the present 
invention is continuous (sustainable) . Luminescence lasts 
either until all the added coelenterazine is consumed up or until 
its catalytic activity is lost , The emission period is typically 
0.5 to 3 hours, but can be longer depending on the conditions 
selected. 
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Coelehterazine and h-coelenterazine are exceilent 
luminescent substrates, among which h-coelenterazine is 
preferable, as will be described in Example 16 later. 
.1-7-1. Maintenance of chemiluminescence activity by addition 
of a reducing agent 

Referring to Example 13, the fluorescent protein (bFP) 
having chemiluminescence activity according to the present 
invention has chemiluminescence activity even after heating at 
90 In this case, addition of a reducing agent such as 

dithiothreitol can markedly suppress a decrease in 
chemiluminescence activity. Further, referring to Example 14, 
when 15 minutes have passed after start of a light -emitting 
reaction at room temperature, the chemiluminescence activity 
begins to decrease. In the co-presence of a reducing agent, 
however, the luminescence intensity does not decrease even after 
60 minutes have passed. Consequently, addition of a reducing 
agent together enables a long-time, continuous emission without 
decreasing luminescence intensity. It is surprising, that 
chemiluminescence activity is thus exerted even after high 
temperature treatment, as compared with the bioluminescence by 
the conventional lucif erase. For this reason, application of 
bFP as a marker using bioluminescence is expected in novel fields . 

A reducing agent makes chemiluminescence activity last 
long, because it inhibits oxidation of free sulfhydryl groups 
in an apoprotein, thereby maintaining catalytic activity of a 
fluorescent protein (bFP) for a long time. Preferred reducing 
agents are dithiothreitol and mercaptoethanol . 
1-7-2. Application of a fluorescent protein having 
chemiluminescence activity to amusement 

One use of photoproteins is amusement. To use for 
amusement, coelenterazine or its analog is mixed with the 
fluorescent protein (bFP) having chemiluminescence activity 
according to the present invention at the moment for light 
emission. For that purpose, it is desirable to combine the 
fluorescent protein (bFP) having chemiluminescence activity 
according to the present invention with coelenterazine or its 
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analog into a kit. In that case, it is preferable to make a 
kit in which .a fluorescent protein having chemiluminescence 
activity and coelenterazine or its analog are put in a vessel 
so that they can be mixed easily when used. For example, they 
can be placed in each of two rooms divided in a plastic tube, 
whose partition can be ruptured at the moment for light emission, 
so that they are mixed to emit light. There are already some 
reports on such a use (i.e. , WO 97/29319) , and the fluorescent 
protein (bFP) having chemiluminescence activity according to 
the present invention is applicable to any method. The 
chemiluminescence activity of the fluorescent protein having 
chemiluminescence activity (bFP) according to the present 
invention is stabilized with a reducing agent . For this reason, 
it is desirable to add a reducing agent to one or both of the 
fluorescent protein (bFP) having chemiluminescence activity and 
coelenterazine or its analog, but a reducing agent maybe provided 
independently in the kit. Use of such a kit is not limited to 
the field of amusement . 

1-7-3.- Use of a fluorescent protein having chemiluminescence 
activity as a detection marker 

The most important use of the fluorescent protein having 
chemiluminescence activity according to the present invention 
is use as a detection marker. The fluorescent protein (bFP) ^ 
having chemiluminescence activity according to the present 
invention which has been bound to a ligand for a target of detection 
binds to the target (e.g., virus or a specif ic protein on a cell)' 
via the ligand. Addition of coelenterazine to that triggers 
light emission. 

To date, using fluorescence of a fluorescence substance 
•as a marker has been known well. However, the detection 
sensitivity of light by the chemiluminescence of coelenterazine 
is 100 times or more higher compared with the detection 
sensitivity in fluorescence. Moreover, since this 

chemiluminescence is continuous, it is suitable for long-time 
observation. 

In addition, even after coelenterazine is consumed up. 
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fluorescence is generated by absorbing light energy, so that 
observation can be continued using that fluorescence. This 
method is expected as extremely effective means in biological 
experiments etc. Such a use has became possible for the first 
time by the fluorescent protein (bFP) having chemiluminescence 
activity according to the present invention having both 
chemiluminescence activity and fluorescence-generating ability 
based on the catalytic action. 

In this case also, addition of a reducing agent can enhance 
the sustainability of chemiluminescence activity, further 
enabling light emission at high temperatures. It is therefore 
possible to detect a target substance to be detected before 
heating and. to continue detection even after heating using the 
same marker. This is expected to open up application fields, 
for unprecedented, completely new bioluminescence markers. 

The wavelength ' (color) of fluorescence emitted by the 
fluorescent protein (bFP) having chemiluminescence activity 
according to the present invention varies depending on the kind 
of coelenteram.id (chromophore) retained in the protein. 
Further, when coelenterazine or its analog emits light due to 
oxidation by the catalytic action of the fluorescent protein 
(bFP) having chemiluminescence activity according to the present 
invention, the wavelength of light emitted varies depending on 
the kind of coelenteramid (chromophore) formed. 
1-7-4. Use for producing another fluorescent protein (gFP) 

Calcium ions and their substitutable divalent ions that 
constitute the fluorescent protein (bFP) having 
chemiluminescence activity according to the present invention 
are removed by treatment with a chelating agent and turn into 
another completely novel fluorescent protein (gFP), which will 
be described later in Section 2. 

1-7-5. Use for production of a calcium-binding photoprotein 
A calcium-binding photoprotein such as aequorin can be 
produced from the fluorescent protein ' (bFP) having 
chemiluminescence activity according to the present invention.- 
For that purpose, a fluorescent protein (bFP) having 
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chemiluminescence activity is reacted with coelenterazine or 
its analog in the presence of a chelating agent for removing 
calcium ions or divalent or trivalent ions that can be substituted 
for the calcium ions. Such a chelating agent is present 
preferably in a little more excess than the amount equivalent 
to calcium ions or divalent or trivalent ions that can be 
substituted for the calcium ions. Although the reaction 
temperature is not particularly limited, 4 to 25° C is suitable. • 
After addition of a reducing agent such as dithiothreitol (DTT) 
optionally, the reaction mixture can be allowed to stand for 
about 1 to 30 hours . Aequorin can be isolated and purified from 
other unreacted bFP, gFP, coelenterazine, etc. in accordance 
with the known methods for purifying aequorin. That is, a 
reaction solutionis isolatedandpurif iedby the Butyl Sepharose 
4 Fast Flow column chromatography method. 

A chelating agent is not particularly limited as long as 
it binds strongly to calcium ions or divalent or trivalent ions 
that can be substituted for the calcium ions. Examples of such 
a chelating agent include ethylenediaminetetraacetic acid 
(EDTA) ; ethyleneglycolbis (p-aminoethyl ether) N,N,N',N' 
-4-tetraacetic acid (EGTA) ; 

trans-1, 2-diaminocyclohexane-N,N,N' ,N' -tetraacetic acid 
(CyDTA) ; and N- (2 -hydroxyethyl) iminodiacetic acid (HIDA) . 
1-8- Properties of a fluorescent protein having 
chemiluminescence activity 
1-8-1. Excellent thermal stability 

The fluorescent protein (bFP) having chemiluminescence 
activity according to the present invention has an excellent 
thermal stability. As will be shown in Example 9, the 
fluorescence intensity of the fluorescent protein (bFP) having 
chemilumiinescence activity according to the present invention 
do not decrease even at 4 0 °C. The intensity decreases if bFP 
is kept at 45 °C for 10 min. However, the fluorescence intensity 
that has once decreased with heating is completely recovered 
by cooling, as long as the heating temperature did not exceed 
65^*0. Further, as will be shown in Example 10, the fluorescence 
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intensity of the fluorescent protein (bFP) having 
chemiluminescence activity according to the present invention 
recovered 93% of its fluorescence-generating ability by making 
to stand at room temperature for 20 min even after heating at 
90°C for 3 min. The fluorescence-generating ability is 
recovered. 100% when heating at SB^'C or lower. 

Fluorescence proteins and lucif erases known to date lose 
their chemiluminescence activity by heating. Calcium-binding 
photoproteins also lose their light-emitting ability by heating . 
In contrast, the fluorescent protein (bFP) haying 
chemiluminescence activity according to the present invention 
recovers its chemiluminescence activity by returning to a low 
temperature such as room temperature even if it is temporarily 
maintained at a high temperature. This is a great advantage 
over conventional fluorescent proteins, lucif erases,, 
calcium-binding photoproteins, and so on; this fluorescent 
protein (bFP) having chemiluminescence activity is extremely 
useful . 

1-8-2. Excellent storage stability 

The fluorescent protein (bFP) having chemiluminescence 
activity according to the present invention has an excellent 
storage stability. bFP was stored at -80 °C and 4°C, without 
adding a stabilizing agent etc. and the fluorescence intensity 
after a lapse of 6 months was compared with that at the start 
of preservation. No change in fluorescence intensity was found 
at -80°C and almost no change even at 4''C. Since calcium-binding 
photoproteins have a problem with storage stability, they obtain 
a long storage at -80°C by the addition of a stabilizing agent 
etc. , This indicates that the fluorescent protein (bFP) having 
chemiluminescence activity according to the present invention 
has a marked storage stability. 

From the fluorescent protein (bFP) having 
chemiluminescence activity so far explained, another novel 
fluorescent protein (gFP) is produced, which will be explained 
here inbe low . 

2. Conformation of a fluorescent protein (gFP) 
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2-1. Conformation of a fluorescent protein (gFP) 

The fluorescent protein (gFP) according to the present 
invention is. composed of an apoprotein of a calcium-binding 
photoprotein to which coelenteramidor its analog is coordinated. 
In other words, gFP is the fluorescent protein (bFP) having 
chemi luminescence activity according to the present invention 
previously described that have its calcium ions or divalent or 
trivalent ions substitutable for the calcium ions removed. 

The fluorescent protein (gFP) according to the present 
invention consists of an apoprotein of a calcium-binding 
photoprotein and coelenteramidor its analog and, in the complex, 
the ratio of the number of molecules of the apoprotein to the 
coelenteramid or its analog is 1:1. 

2-2. Method for producing a fluorescent protein (gFP) 

The fluorescent protein (gFP) according to the present 
invention is obtained by removing calcium ions or divalent ions 
that can be substituted for the calcium ions from the fluorescent 
protein (bFP) having chemi luminescence activity according to 
the present invention previously described. Divalent ions can 
be removed by treating a fluorescent protein (bFP) having 
chemiluminescence activity with a chelating agent. 

The chelating agent is not particularly limited as long 
as it binds strongly to calcium ions or divalent or trivalent 
ions that can be substituted for the calcium ions. Examples 
of such a chelating agent include ethylenediaminetetraacetic 
acid (EDTA) ; ethyleneglycolbis (p-aminoethyl 

ether)N,N,N' ,N' -4-tetraacetic acid (EGTA) ; 

trans-1, 2-diaminocyclohexane-N,N,N' ,N' -tetraacetic acid 
(CyDTA) ; and' N- (2 -hydroxyethyl) iminodiacetic acid (HIDA) . 
2-3 . An apoprotein that ^constitutes a fluorescent protein (gFP) 
The explanation given to the apoprotein that constitutes 
the above -described fluorescent protein (bFP) having 
chemiluminescence- activity is applied. 

2-4 . Coelenteramid that constitutes a novel fluorescent protein 
(gFP) 

The explanation given to coelenteramid that constitutes 
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the above-described fluorescent protein (bFP) having 
chemiluminescence activity is applied. 

2-5. Fusion substance of a novel fluorescent protein (gPP) and 
a ligand 

The explanation given to the above -described fluorescent 
protein (bFP) having chemiluminescence activity and a ligand 
for the detection target is applied. A ligand-bound fluorescent 
protein (gFP) can be prepared by removing calcium ions etc. from 
a f luorescient protein (bFP) having chemiluminescence activity 
to which a ligand for the detection target has been bound. 
Alternatively, it is possible to bind a ligand to a fluorescent 
protein (gFP) prepared by removing calcium ions etc. from a 
fluorescent protein (bFP) having chemiluminescence activity to 
which a ligand is not bound. 

2-6. Use of a novel fluorescent protein (gFP) 
2-6-1. Detection of calcium 

The fluorescent protein (gFP) according to the present 
invention reacts with calcium ions or ions that can be substituted 
for the calcium ions to turn into a substance having a different 
fluorescence wavelength. It is therefore possible to detect 
and quantify calcium ions or ions that can be substituted for 
calcium ions using such changes in fluorescence wavelength. 
Reagents for detecting and quantifying calcium ions or ions that 
can be substituted for the calcium ions, including a fluorescent 
protein (gFP) , are provided by the present invention. 
2-6-2. Use. as a detection marker 

A fluorescent protein (gFP) to which a ligand for a target 
substance to be detected in a virus or cells is bound can be 
used as a detection marker for the substance. A ligand-bound 
fluorescent protein (gFP) is bound to the target substance to 
be detected via the ligand. Subsequent addition of 
coelenterazine or its analog results in formation of a 
calcium-binding photoprotein. Further additionof calcium ions 
or divalent or trivalent ions that can be substituted for the 
calcium ions causes the calcium-binding photoprotein to emit 
light instantaneously. The instantaneous luminescence can be 
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used as a marker. Further, since a fluorescent protein (gFP) 
that has not reacted with coelenterazine has 
fluorescence-generating ability, the detection of a target 
substance is continued using the fluorescence . 

Alternatively, a target may be detected using only 
fluorescence, without addition of coelenterazine from the 
beginning. 

Thus, it is epoch-making that both instantaneous light 
emission with fluorescent calcium ions etc. and fluorescence 
can be performed with the same marker • A wide range of applications 
is expected, 

2-6-3. Application to production of a calcium-binding 
photoprotein 

The fluorescent protein (gFP) according to the present 
invention can be converted to a calcium-binding photoprotein 
such as aequorin by mixing with coelenterazine or its analog, 
a luminescent sul^strate. 

A calcium-binding photoprotein is generally regenerated 
by adding a chelating agent, a reducing agent, and coelenterazine 
at a low temperature to the reaction product obtained by making 
the calcium-binding photoprotein react with calcium ions. As 
for the temperature in regeneration, 4°C is the most efficient 
and regeneration is hardly takes place at 37 °C. Even when a 
calcium-binding photoprotein is newly produced from an 
apoprotein, the same operation is required by adding a chelating 
agent, a reducing agent, and a coelenterazine at a low 
temperature . 

In contrast , production of a calcium-binding photoprotein 
from the fluorescent protein (gFP) according to the present 
invention only requires addition of coelenterazine . Regarding 
the temperature condition for the addition of coelenterazine, 
at 25'*C, as in 4''C, 90% or more of the molecules is converted 
to calcium-binding photoproteins without addition of a reducing 
agent and at 37 °C, about 80% of the molecules is converted to 
calcium-binding photoproteins by add-on of a reducing agent. 
Details will be described in Example 12." 
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Coelenterazine and its analog used for the production of 
a calcium-binding photoprotein were as explained previously. 
Specific coelenterazine and its analog are presented in the 
previously-mentioned .formula (3) or formula (4). 

In the present invention, a kit for producing a 
calcium-binding photoprotein combining a fluorescent protein 
(gFP) with coelenterazine or its analog is provided. It is 
preferable to include a reducing agent, in one or both of the . 
fluorescent protein (gFP) or coelenterazine or its analog of 
the kit for producing a calcium-binding photoprotein, but a 
reducing agent may be provided independently in the kit. 
2-6-4 . Application to production of a fluorescent protein (bFP) 
having chemiluminescence activity 

The previously-mentioned fluorescent protein (bFP) 
having chemiluminescence activity can be produced by adding 
calcium ions or divalent or trivalent ions that can be substituted 
for the calcium ions to the fluorescent protein (gFP) according 
to the present invention. 

2-7. Fluorescent protein (gFP) has an excellent storing 
stability. 

Fluorescent protein (gFP) according to the present 
invention has an excellent storing stability. gFP was stored 
at -sec and 4*^0, without adding a stabilizing agent etc. and 
the fluorescence intensity after a lapse of 6 months was compared 
with that at the start of preservation. No change in fluorescence 
intensity was found at -80**C and almost no change even at 4**C. 
Since calcium-binding photoproteins having a problem with 
storing stability, they obtain a long storage at -SCC by the 
addition of a stabilizing agent etc. This indicates that the 
fluorescent protein (gFP) according to the present invention 
has marked storage stability. 

The chemical structural formula of coelenterazine, 
coelenteramid, e-coelenterazine, e-coelenteramid, 

h-coelenterazine, and h-coelenteramid, which are of particular 
importance, are shown collectively below. 




The present invention is explained in the following 
examples, but these examples are not to be construed to limit 
the present invention. 
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The abbreviations as used in the following examples 
represent the following meaning. 
CTZ : coelenterazine 
e-CTZ : e-coelenterazine 
h-CTZ; h-coelenterazine 
CMT : Coelenteramid 

AQ: aequorin containing coelenterazine (CTZ) as a 
luminescent substrate 

e-AQ: aequorin containing e-coelenterazine (e-CTZ) as a 
luminescent substrate 

h-AQ: the aequorin which contains h-coelenterazine 
(h-CTZ) as a luminescent substrate 

ApoAQ-Ca^"": substance obtained by reacting calcium ions 
with apoaequorin 

bFP-aq: a fluorescent protein complex (bFP) having 
chemiluminescence activity obtained by reacting calcium ions 
slowly with apoaequorin (AQ) that contains coelenterazine (CTZ) 
as a luminescent substrate 

e-bFP-aq: a fluorescent protein complex (bFP) having 
chemiluminescence activity obtained by reacting calcium ions 
slowly with apoaequorin (e-AQ) that contains e-coelenterazine 
(e-CTZ) as a luminescent substrate 

h-bFP-aq: a fluorescent protein complex (bFP) having 
chemiluminescence activity obtained by reacting calcium ions 
slowly with apoaequorin (h-AQ) that contains h-coelenterazine 
(h-CTZ) as a luminescent substrate 

gFP-aq: a fluorescent protein complex (gFP) obtained by 
removing calcium ions bFP-aq 

e-gFP-aq: a fluorescent protein complex (gFP) obtained 
by removing calcium ions from e-bFP-aq 

h-gFP-aq: a fluorescent protein complex (gFP) obtained 
by removing calcium ions from h-bFP-aq 

EXAMPLE 1 

(METHOD FOR PREPARATION OF RECOMBINANT AEQUORINS 
[AQ, e-AQ, AND h-AQ] ) 
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As shown below, recombinant aequorins were obtained by 
expressing the recombinant apoaequorin gene in the E. coli 
described in Japanese Laid-Open Application No. 1989-132397, 
forming complexes as recombinant aequorins by binding the 
expressed product to coelenterazine, and subsequently purifying 
the complexes as described in Japanese Laid-Open Application 
No. 2001-270899. The recombinant apoaequorins obtained is 
composed of 191 amino acids, whose N-terminus starts from 
Ala-Asn-Ser- (Val- of theN-terminal of SEQ ID NO: 1 in the sequence 
listing has been replaces by Ala-Asn-Ser-) . These 
specifications are incorporated herein by reference. 

1) Expression of recombination apoaequorins in E. coli 

To express recombinant apoaequorins in E. coli, the 
apoaequorin gene expression vector piP-HE (refer to- Japanese 
Laid-open Application No. 1989-132397) constructed frompAQ440 
harboring the apoaequorin gene {refer to Japanese Laid-Open 
Application No. 1986-135586) was used. E. coli strain. WA802 was 
used as the host and was transformed with piP-HE using the 
conventional methods . The transf ormant obtained was incubated 
at 3 O^'C* overnight , inoculated into 50 ml of LB liquid medium 
(bactotrypton 1% w/v, yeast extract 0.5% w/v, sodium chloride 
0.5% w/v, pH 7.2 in water) containing ampicillin (50 ]ig/ml) , 
and incubated for at 30 °C for 8 hours . Subsequently, the culture 
was added to a fresh LB liquid media and incubated at 37^*0 at 
day and night (18 hours) , followed by isolation of the bacterial 
cells from the medium by low-speed centrifugation (5, 000 x g) . 
Since both the bacterial cells and the medium contain expressed 
recombinant apoaequorins, they were stored individually as the 
starting material for aequorin purification. 

2) Purification of aequorin (AQ) from cultured bacterial cells 

Harvested bacterial cells were suspended in 400 ml buffer 
(50mMTris-HCl, pH7.6, lOmMEDTA) containing 200 mg of a reducing 
agent dithiothreitol (DTT, manufactured by Wako Pure Chemicals 
Industries, Ltd. ) . The cells were crushed by treating with an 
ultrasonicator for 2 min under ice-cold conditions and 
centrifuged at 12,000 x g for 20 min. Subsequently, the 
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supernatant was recovered. Chemosynthesized coelenterazine 
was dissolved in a small quantity of methanol, added to the 
supernatant obtained at ' 1.2-fold molar concentration of 
apoaequorin to be produced, and allowed to stand at 4°C for 5 
hours . This supernatant was immediately loaded ontoaQ-Sepharose 
column (Amersham Pharmacia Biotech, 2 x 10 cm diameter) 
pre-equilibrated with a buffer of 20 mM Tris-HCl, pH 7.6, 10 
mM EDTA, to have aequorin adsorbed. The column was washed with 
a buff er of 20 mM Tris-HCl , pH 7 . 6 , 10 mM EDTA, 0 . IM NaCl until 
the absorbance. of the wash, flowing out from the column at 280 
nm becomes 0.05 or less. Then', the apoaequorin and aequorin 
adsorbed on the column were eluted with a linear concentration 
gradient of 0.1 to 0.4 M-NaCl . 

Aequorin that has formed complexes with coelenterazine 
was isolated from apoaequorin that has not formed complexes, 
using a hydrophobic chromatography with Butyl Sparse 4 Fast Flow 
gel. ' That is, the orange eluent from the Q-Sepharose column 
was adjusted at final ammonium sulfate concentration at 2M, and 
then the precipitant was removed by centrifugation. The 
supernatant was applied to a Butyl Sepharose 4 Fast Flow column 
(Amersham Pharmacia Biotech, column size: 2 x 10 cm diameter) 
pre-equilibrated with 20 mM Tris-HCl, 10 mM EDTA, pH 7.6, 
containing 2 Mammonium sulfate, eluted by a linear concentration 
gradient to a final ammonium sulfate concentration at 1 M, the 
aequorin fractions having chemi luminescence activity were 
collected. On the other hand, apoaequorin was eluted only in 
20 mM Tris-HCl, pH 7.6, 10 mM EDTA. 

The aequorin fractions were analyzed by SDS-PAGE using 
12% polyacrylamide gel under reducing conditions. As a result, 
a single band with a molecular weight equivalent to that of a 
25kDa protein was detected in the purified fractions, with a 
purity of 98% or higher according to densitometer measurement. 
The recovery rate of aequorin from the bacterial cells was about 
80%. A total of 80 mg of high-purity aequorin (AQ) was thus 
obtained. 

3) Purification of aequorin (AQ) from the culture medium 
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High-purity aequorin was purified from the culture medium 
according to the method described in Japanese Laid-Open 
Application No. 1989-132397 . That is, the culture medium was 
subjected to acidification treatment with O.IM acetic acid to 
pH 5 or below and allowed to stand at 4°C for 60 min or longer. 
The white -precipitated apoaequorin was isolated by 
centrifugation and dissolved in the above-mentioned buffer 
containing a reducing agent. Then, after forming aequorin in 
the same manner as in purification method from bacterial cells, 
aequorin equal to or greater than 98% pure was obtained by the 
sepharose column chromatography and the Butyl Sepharose 4 Fast 
Flow column chromatography. Purified aequorin obtained was 
analyzed ,by SDS-PAGE using 12% polyacrylamide gel under a 
reducing condition. As a result, a single band with a molecular 
weight equivalent to that of a 25kDa protein was detected with 
a purity of 98% or higher according to densitometer measurement . 
A total of 45 mg of high-purity aequorin was obtained from 50 
mg of apoaequorin obtained from the culture medium. The purified 
protein concentration was determined using a commercially 
availablekit (manuf acturedbyBio-RadLaboratories, Inc.) based 
-on the Bradford method. Bovine serum albumin (manufactured by 
Pierce Laboratories Inc.) was used as the standard substance. 

4) Preparation of e-AQ 

e-AQ, which contains e-CTZ as a luminescent substrate, 
was prepared in the same manner using e-coelenterazine (e-CTZ) 
in place of coelenterazine (CTZ) . 

5) Preparation of h-AQ 

h-AQ, which contains h-CTZ as a luminescent substrate, 
was prepared in the same manner using h-c6elenterazine (h-CTZ) 
in place of coelenterazine (CTZ) . 

EXAMPLE 2 

(PREPARATION OF FLUORESCENT PROTEINS 
HAVING CHEMILUMINESCENCE ACTIVITY 
[bFP-aq, e-bFP-aq, AND h-bFP-aq] ) 
1) Concentration of aequorin (AQ) 
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An aequorin solution with an aequorin concentration of 
8 mg/ml was prepared with a buffer containing 10 mM Tris-HCl 
(pH7.6)v 2mMEDTA, and 1 -2M ammonium sulfate , using the purified 
aequorin described in Example I as a starting material, 

1 ml of this aequorin solution was centrifuged at 5000 
X g at 4°C for 60 min or longer with a high speed refrigerated 
centrifuge (CR20B2; manufactured by Hitachi Ltd.), using a 
Vivaspin 2 column (Manufactured by Zartorius K.K.) having a 
high-speed ultrafiltration filter, a polyethersulf one membrane 
with a fraction molecular weight of 10,000. The solution was 
concentrated to a total quantity of 1 ml or smaller. Further, 
to lower the EDTA concentration of the concentrated solution 
to 0.1 yM or lower,. 10 mM Tris-HCl containing 1 ml of 0.1 ]iM 
EDTA was loaded onto the Vivaspin 2 column and the total quantity 
was decreased by cent rifuging the column under the same condition. 
This step was repeated at least twice to make the concentration 
of EDTA 0.1 laM or less. This aequorin concentrate looked 
yellow-red, which could be confirmed easily by the naked eye. 

2) Preparation of bFP-aq 

bFP-aq was prepared in the following procedures. In a 
Vivaspin 2 column, the concentrated aequorin (AQ) solution was 
overlaid with 50 mM Tris-HCl (pH 7.6) containing 0 , 9 ml of 5 
mM calcium chloride (Wako Pure Chemicals Industries, Ltd.) and 
2 mM dithiothreitol (Wako Pure Chemicals Industries, Ltd.) to 
trigger continuous light emission. The solution was allowed 
to stand at 4 °C for 24 hours or longer. The end of the 
light -emitting react ion could also be confirmed by disappearance 
of the yellow-red color from the aequorin solution. Further, 
50 mM Tris-HCl (pH 7.6) containing 2 ml of 5 mM calcium chloride 
(Wako Pure Chemicals Industries, Ltd.) and 2 mM dithiothreitol 
(Wako Pure Chemicals Industries, Ltd.) was loaded on to the 
Vivaspin 2 column and the column was centrifuged under the 
identical conditions and then washed. Generated bFP-aq was 
confirmed to emit blue fluorescence under a long wavelength UV 
lamp (maximum wavelength: 366nm) . 

3) Preparation of e-bFP-aq and h-bFP-aq 
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e-bFP-aq and h-bFP-aq were prepared in the same manner 
using e-AQ and h-AQ in place of AQ. 

EXAMPLE 3 

. (PREPARATION OF FLUORESCENT PROTEINS GENERATING GREEN 
FLUORESCENCE [gFP-aq, e-gFP-aq, AND h-gFP-aq] FROM FLUORESCENT 
PROTEINS HAVING CHEMI LUMINESCENCE ACTIVITY [bPP-aq, e-bFP-aq, 

AND h-bFP-aq] ) 

1) Preparation of gFP-aq 

gFP-aq was prepared by removing calcium with EDTA from 
bFP-aq prepared in Example 2. That is, 2 ml of 50 mM Tris-HCl 
(pH 7.6) containing 10 mM EDTA wa.s added to the t)FP-a.cj in the 
Vivaspin 2 column for centrifugation under the aforementioned 
identical condition. This operation was repeated three times . 
The product was confirmed to emit green fluorescence under a 
long wavelength UV lamp (maximum wavelength: 366 nm) . The 
recovery rate of the amount of proteins was quantitive. 

To remove an excessive EDTA solution from the product, 
2 ml of 50 mM Tris-HCl (pH 7.6) was added and the column was 
centrifugedunder the aforementioned identical condition. This 
operation was repeated five times and the excessive EDTA was 
removed . 

2) Preparation of e-gFP-aq and h-gFP-aq 

e-gFP-aq and h-gFP-aq were prepared in the same manner 
using e-bFP-aq and h-bFP-aq in place of bFP-aq. 

EXAMPLE 4 

(PREPARATION OF FLUORESCENT PROTEINS HAVING CHEMILUMINESCENCE 

ACTIVITY [bFP-aq, e-bFP-aq, AND h-bFP-aq] 
FROM FLUORESCENT PROTEINS [gFP-aq, e-gFP-aq, AND h-gFP-aq] ) 
1) Preparation of bFP-aq 

The same bFP-aq as that prepared in Example 2 was prepared 
by adding a solution containing excess calcium ions to the gFP-aq 
prepared in Example 3. Specifically, O.r M calcium chloride 
was gradually added at room temperature to 0 . 5 ml (0.25 mg/ml) 
of the gFP-aq solution to a final calcium ion concentration of 



40 



5 mM in the sample solution . Generation of bFP-aq was confirmed 
by an increase in fluorescence intensity at 459 nm, the absorption 
peak of its fluorescence- spectrum (excited at 335 nm) together 
with a decrease in fluorescence intensity at 467 rim, the 
absorption peak (excited at 335 nm) of the fluorescence spectrum 
of gFP-aq. To remove excess calcium ions, the product solution- 
was transferred to the a Vivaspin 2 column and centrifuged at 
5000 X g at 4 °C for 60 min or longer with a high speed refrigerated 
centrifuge (CR20B2; manufactured by Hitachi Ltd.) , using 2 ml 
of 50mMTris-HCl (pH7,6) , so that the total quantity was condensed 
to 0,1 ml or smaller. Repetition of this operation three times 
resulted in the removal of excess calcium ions. 
2) Preparation of e-b'FP-aq and h-bFP-aq 

e-bFP-aq and h-bFP-aq were prepared in the same manner 
using e-gFP-aq and h-gFP-aq in place of gFP-aq. 

EXAMPLE 5 

(SPECTROSCOPIC MEASUREMENT: 
MEASUREMENT OF ABSORPTION/FLUORESCENCE/EMISSION SPECTRA, 
AND MEASUREMENT OF FLUORESCENCE QUANTUM YIELD) 

1) Measurement of absorption spectra 

Absorption spectra were measured using a 
spectrophotometer (V-560; manufactured by JASCO Corporation) , 
transferring bFP-aq, e-bFP-aq, and h-bFP-aq with known 
concentrations, prepared in Example 2; and gFP-aq, e-g FP-aq, 
andh-gFP-aq, prepared in Example 3 toquartz cells with an optical 
path length of 10 mm. The measurement conditions used were as 
follows: 1.0 nm band path, medium response, and 200 nm/min 
scanning speed, at 22 to 25^*0. 

2) Measurement of fluorescence spectra 

Fluorescence spectra were measured using a 
spectrof luorometer (FP-777W; manufactured by JASCO 
Corporation), transferring the substances with known 
concentrations to quartz cells with an optical path length of 
10 mm. The measurement conditions used were as follows: 1.5 
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nm band path ,1.5 sec response and 60 nm/min scanning speed, 
at 22 to 25 °C. The correction of fluorescence speStixa was 
performed using the operating instructions of the 
spectrof luorometer . The fluorescence quantum yield was 
calculated by making the fluorescence efficiency 0.55, which 
is at the excitation at 335 nm for bFP-aq and gFP-aq as well 
as h-bFP-aq and h-gPP-aq and at the excitation at- 350 nm for 
e-bFP-aq and e-gFP-aq, using quinine-sulf uric acid in 0 . IM 
sulfuric acid (Wako Pure Chemicals Industries, Ltd.) as standard. 
3) Measurement of emission spectra 

The emission spectra of bFP-aq, e-bFP-aq, and h-bFP-aq 
were obtained by measuring luminescence generated in the 
preparation process of described in Example 2 . Here, continuous 
light emission was measured with the xenon lamp, the excitation 
light source of spectrof luorometer (FP-777W; manufactured by 
JASCO Corporation) being off. The measurement conditions used 
were as follows: 10 nm band path, 0 . 5 sec response, and 100 nm/min 
scanning speed, at 22 to 25 °C. The results are shown in Table 
2. 
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EXAMPLE 6 

(CONFIRMATION OF FLUORESCENCE CHROMpPHORES 
OF bFP-aq AND gFP-aq) 

The chromophore of the fluorescence contained in bFP-aq 
prepared in Example 2 and in gFP-aq prepared in Example 3 were 
confirmed by extracting the compounds having chromophores with 
methanol from each protein complex and subjecting the extract 
to TLC, UV irradiation, mass spectrometry, etc. That is, 6.9 
ml of methanol was added to a protein complex solution (0.26 
mg/O.lml), and the mixture was heated at 95 °C for 3 min, followed 
by cooling. Subsequently, methanol extract was obtained by 
centrifugation (12,000 x g, 5 min) and subjected to analysis. 

The presence of coelenteramid was confirmed in the methanol 
extract by the TLC method, using a chemosynthesi zed coelenteramid 
and coelenterazine preparations as standard samples. Silica 
gel 60F-254 (manufactured by Merck Co. ) was used as TLC gel and 
ethyl acetate : chloroform (2:1) was used as a developing solvent . 
The Rf values of coelenteramid and coelenterazine under a UV 
lamp were 0.5 and 0.6, respectively. 

It was confirmed from the Rf value that the chromophore contained 
in the methanol extract was coelenteramid. The absorption 
maximum wavelength of the absorption spectrum was 278 nm, 294 
nm, and 333 nm and the absorption maximum wavelength of the 
fluorescence spectrum was 428 nm at the excitation at 335 nm. 
These values corresponded to those of the synthetic standard 
preparation of coelenteramid. Further, ESI-TOF mass 
spectrometry was performed to obtain a measured value of m/z 
= 412.36 (the calculated value for coelenteramid [M+H] = 412 . 45) . 
These results confirmed that the fluorescence chromophores 
contained in bFP-aq and gFP-aq are coelenteramid, which is the 
oxide of coelenterazine. 

Based on the above, the rate of the number of coelenteramid 
molecules in bFP-aq and gFP-aq was calculated using the molecular 
absorbency index 16.0 x lO^M'^cm'^ of coelenteramid at 335 nm. 
The. result revealed that one apoaequorin protein to one 
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coelenteramid molecule are present in the ratio of practically 
1:1 in noncovalent bonds, indicating that coelenteramid is 
present in 95%. or more of the appaequorin protein. 

EXAMPLE 7 

(MASS SPECTROMETRY OF bFP-aq AND gFP-aq) 
Mass spectrometry was performed on bFP-aq and gFP-aq 
prepared in Examples 2 and 3, respectively, using the 
matrix-assisted laser desorption time-of -flight mass 
spectrometry (MALDI-TOF-MS) method with a. Voyager DE-PRO mass 
spectrometer (PerSeptive Biosystem) . Angiotensin I (m/z 
1296, 69) > insulin (m/z 5734.59), apomyoglobin (m/z 16952.60), 
and an apoaequorin (m/z 2163.20) were used as molecular weight 
standard. Sinapic acid (Sigma-Aldrich) was used as a matrix. 
As a result of the measurement, a measured value of molecular 
weight of 21632±5 was obtained, indicating that no particular 
modification, for example, decarboxylation or dehydration, has 
occurred to apoaequorin in the fluorescence protein preparation 
process . 

EXAMPLE 8 

(MEASUREMENT OF FLUORESCENCE SPECTRA) 
FIG.l shows the fluorescence spectra of bFP-aq and gFP-aq 
prepared in Examples 2 and 3, respectively. In the figure, 
the solid line and the dotted line represent bFP-aq and gFP-aq, 
respectively. 

These changes in the fluorescence spectrum are reversible ; 
taking advantage of the differential spectrumof the fluorescence 
spectrum enables qualitative and quantitative syntheses of 
calcium ions . That is, a standard curve (a plot of fluorescence 
intensity versus calcium concentration) of the fluorescence 
intensity at arbitrary wavelengths is obtained by adding calcium 
with various known concentrations to gFP-aq. Contrasting 
measured values in a sample with unknown calcium concentration 
with the standard curve makes it possible to measure the calcium 
concent rat ion . 
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EXAMPLE 9 

(TEMPERATURE DEPENDENCY OF FLUORESCENCE INTENSITY OF bFP-aq) 
The temperature dependency of the fluorescence generation 
intensity of bFP-aq prepared in Example 2 was measured . Samples 
(protein concentration of 0.025 mg/ml) were incubated for 10 
min at 4^C, 25°C, 37°C, 40°C, 45°C, 50°C, 55°C and eS^'G, and 
then their fluorescence generation intensities produced by 
excitation at 335 nm were measured. On the basis of the 
fluorescence generation intensity at 4°C, the relative percent 
value was 100 at 25°C, 37°C, and 40^C; 10 at 
45°C; and 0 at 50°C or higher. Immediately after measurement, 
the samples were allowed to stand for 10 min or longer under 
ice-cold conditions and measured again for fluorescence 
generation intensity. The results revealed that the 
fluorescence intensity had been returned to the original 
intensity. 

The temperature at which fluorescence intensity has become 
half that at 4°C was calculated to be 43 °C. At 40 °C or lower, 
bFP-aq exhibited thermal stability and the phenomenon of 
fluorescence generation intensity was not observed. Heating 
at temperatures exceeding 40 °C decreases or loses the 
fluorescence -generating ability of bFP-aq. As described above, 
however, it was confirmed that fluorescence-generating ability 
once decreased or lost is recovered by cooling. That is, it 
was clarified that bFP-aq according to the present invention 
exhibits recoverability of fluorescence-generating ability by 
cooling from decreased fluorescence-generating ability at high 
temperatures. 

EXAMPLE 10 

(LIGHT-EMITTING ABILITY RECOVERABILITY OF bFP-aq) 
The thermal stability of bFP-aq prepared in Examples 2 
was compared with that of ^ gFP-aq prepared Example 3 . 
The solution containing bFP-aq or gFP-aq with a protein 
concentration of 0.26 mg/ml was heated at 90 ''C for 3 min and 
allowed to stand at 24°C. Subsequently, each fluorescence 
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generation intensity was measured with a spectrof luorometer . 

bFP-aq recovered its fluorescence-generating ability to 
93.0% within 20 min, whereas gFP-aq recovered its 
fluorescence-generating ability only to 31.3% within 20 min. 
On the other hand, the ability of aequorin, a known 
calcium-binding photoprotein, to emit light due to the addition 
of calcium ions, has completely been lost by the aforementioned 
heat treatment. It was therefore clarified that bFP-aq 
according to the present invention has a high reversibility of 
heat as compared with known calcium-binding photoproteins • The 
measurement results of bFP-aq were shown in FIG. 2. 

EXAMPLE 11 
STORAGE OF bFP-aq AND gFP-aq 
The solutions of bFP-aq and gFP-aq prepared in Examples 
2 and 3, respectively, were stored at 4°C and -80°C. Based on 
each fluorescence generation intensity, each 
fluorescence-generating ability was measured, according to the 
method in Example 5. The results are shown in Table 3. '95% 
of fluorescence-generating ability of both bFP-aq and gFP-aq 
was stably maintained for six months or longer, revealing that 
they can be stored without a stabilizing agent, etc. 



Table 3 Storage test 





bFP-aq 


gFP-aq 


Fluorescence-generating intensity 
at 495 nm (%) 


Fluorescence-generating intensity 
at 467 nm (%) 


Storage time/ 
temperature 


4^ 


-80"C 


4"C 




0 month 


100 


100 


100 


100 


6 months 


96 


101 


95 


99 



EXAMPLE 12 

(METHOD FOR PREPARING AEQUORIN [AQ] FROM gFP-aq) 
Addition of the luminescent substrate coelenterazine to 
a solution of gFP-aq prepared in Example 3 enabled preparation 



47 



of aequorin (AQ) having light-emitting ability . Specifically, 
0.002 mg of the luminescent substrate coelenterazine dissolved 
in methanol was added to 0.1 ml of 50 mM Tris-HCl (pH 7.6) 
containing 0.02 mg of gFP-aq and 2 mM EDTA at 4°C, 25°C, and 
37°C. Chemiluminescence activity of a product (aequorin) 
caused by addition of calcium ions was measured by varying 
incubation time. Simultaneously, the effect of addition of ImM 
dithiothreitol (DTT) , a reducing agent, was also examined. The 
chemiluminescence activity of aequorin was presented as the 
maximum value of instantaneous luminescence (Imax) by adding 
0.1 ml of 50 mM CaCl2. The results are shown in FIG. 3. 

At 4°C and 25 °C, gFP-aq could be efficiently converted 
into aequorin (AQ) without addition of 1 mM DTT, a reducing agent . 
The conversion yield was 90% or higher. Generation time at 25°C 
was shorter than that at4°C. At37°C, about 80% conversion 
was possible by addition of ImM DTT, a reducing agent. 

In regeneration of aequorin using a reducing agent and 
coelenterazine after causing aequorin to emit light with calcium, 
as has been done conventionally, the highest efficiency is 
obtained at 4°C and almost no regeneration can take place at 
37°C. It was shown that according to this method, . however, 
addition of a reducing agent enables preparation of aequorin 
even at 37°C. Likewise, even the use of e-coelenterazine, a 
substrate analog, in place of coelenterazine, allowed 
preparation of e-aequorin having chemiluminescence activity by 
addition of calcium. 

EXAMPLE 13 

ENHANCEMENT OF THERMAL STABILITY OF bFP-aq 
BY ADDITION OF A REDUCING AGENT 
bFP-aq (0.25 ]ig) prepared in Example 2 was dissolved in 
100 jjl of 50 mM Tris-HCl (pH 7.6) containing 5 mM dithiothreitol 
(DTT) and then incubated at 90^*0 for 3 min, immediately followed 
by cooling on ice . 1 jig/yl of coelenterazine dissolved inmethanol 
was added to the cooled samples and its light emission was measured 
with a luminometer (AB-2200; manufactured by Atto Co., Ltd.) 
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for Imin. The measured values were represented as relative values 
of the maximum intensity (Imax) . The results were summarized 
in Table 4. Obviously, the presence of DTT in heat treatment 
results in enhancement of thermal stability of chemiluminescence 
activity (a lucif erase-like action) . 



Table 4 Enhancement of heat resistance of 
luminescence activity caused by addition of DTT 



Experiment No. 


Addition of DTT 


Heat treatment 


Relative luminescence 
activity 


1 


+ 




26888 (100) 


2 


+ 


+ 


24916 ( 93) 


3 






24670 ( 92) 


4 




+ 


16964 ( 63) 



rlurelative light unit +:with -:without 



EXAMPLE 14 

STABILIZATION OF THE CHEMILUMINESCENCE ACTIVITY OF bFP-AQ 
BY ADDITION OF A REDUCING AGENT 

bFP-aq (0.25 ]ig) prepared in Example 2 was dissolved in 
100 ]xl of 50 mM Tris-HCl (pH 7.6) containing or not containing 
5 mM dithiothreitol (DTT) , to each of which 1 \ig 
coelenterazine was added. The chemiluminescence was measured 
with a luminometer {AB-2200; manufactured by Atto Co. , Ltd.) . 

The results are summarized in Table 5. In reactions for 
3 min to 60 min, each luminescence intensity was monitored. 
Luminescence intensity sharply decreased without the addition 
of DTT after 15 min. On the other hand, with the addition of 
DTT, marked decrease in luminescence intensity is remarkably 
suppressed. Thus, the effect suppressing a decrease- in 
chemiluminescence activity due. to addition of a reducing agent 
was revealed. 
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Table 5 Stabilization of luminescence activity by addition of DTT 



Reaction time 
(min) 


: Relative luminescence activity (rlu/sec) 


Without addition of DTT 


With addition of DTT 


3 


23321 


31155 


6 


21983 


45050 


15 


13653 


46663 


30 


7014 


43951 


45 


4173 


42329 


60 


2129 


40930 



EXAMPLE 15 

(DETERMINATION OF LIGHT-EMITTING REACTION VELOCITY OF bFP-aq) 
Coelenterazine was dissolved into 100 pi of 50 mM Tris-HCl 

(pH 7.6) containing 5 mM dithiothreitol (DTT) at final 
coelenterazine concentrations of 2 . 36 to 23 . 6 jjM. bFP-aq (0.25 
\ig) prepared in Example 2 was added. Using the initial velocity 
of luminescence for 1 min, the maximum velocity (Vmax) was 
determined to be 1 . 32 x 10® rlu/min/mg protein, and the Km value 
was determined to be 13.3 pM by the Lineweaver-Burk plot method . 
It was thus confirmed that bFP-aq exhibits the catalytic ability 
of general enzymes. 

EXAMPLE 16 

(SUBSTRATE SPECIFICITY OF FLUORESCENT PROTEINS 
HAVING CHEMILUMINESCENCE ACTIVITY 
[bFP-aq, e-bFP-aq, AND h-bFP-aq] ) 
bFP-aq, e-bFP-aq, and h-bFP-aq (0.25 \ig) prepared in 
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Example 2 were individually dissolved in 100 \xl of 50 mM Tris-HCl 
(pH 7.6) containing 5 mM dithiothreitol (DTT) and 1 lag/jil 
coelenterazine and its analog were added to each solution. Each 
chemiluminescence in the steady reaction state (after 10 min) 
was measured with a luminometer (AB-2200; manufactured by Atto 
Co., Ltd.). It was found that h-coelenterazine, a 
coelenterazine substrate analog, serves as a luminescent 
substrate better than coelenterazine. The results are shown 
in Table 6 . 



Table 6 Substrate specificity 



Substrate analog 


Relative luminescence activity (rlu/sec/ // g protein)(%) 


bFP-aq 


h-bFP-aq 


e-bFP-aq 


ApoAQ-Ca^* 


CT2 


213,987 (100) 


148,732(100) 


149,048 (100) 


39,873(100) 


h-crz 


374,664 (175) 


404,793(272) 


339,486 (228) 


96,699(243) 


e-CTZ 


704(0.3) 


588(0.4) 


243(0.16) 


242(0.6) 



(Imax of 1 ng of recombination aequorin is 6.4x lOrlu.) 



EXAMPLE 17 

(METHOD FOR PREPARING VARIOUS AQS FROM VARIOUS bFP 
USING COELENTERAZINE ANALOGS) 
When preparing AQ from bFP-aq, preparation is enabled by 
adding substrate coelenterazine after preparing gFP-aq 
described in Example 4. As a simple method for preparing AQ, 
however, it is possible to prepare AQ from bFP-aq directly, 
without preparing gFP-aq, by binding a substrate by adding 
coelenterazine at the same time as dissociating calcium by adding 
a chelating agent (EDTA) to a bFP-aq solution. 

Specifically, making the total quantity 100 pi , CTZ, h-CTZ, 
and e-CTZ {l\xg/\il) individually dissolved in methanol were added 
to a 50 mM Tris-HCl (pH 7.5) solution containing 10 \ig of bFP, 
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10 mM EDTA, and ImM DTT, and allowed to stand at 20 °C. After 
24 hours, 0.1 ml of 50 mM CaCl2 was added to 0.1 jag -equivalent 
protein and chemi luminescence activity (Imax) was measured with 
a Lab Science model TD-4000 luminometer. Assuming that the 
generation efficiency of AQ in the combination of bFP-aq and 
CTZ is 100%, the generation efficiency of AQ, h-AQ, and e-AQ 
in other combinations were obtained. The results are shown in 
Table 7. 

Evidently, not only AQ but also e-AQ and h-AQ were able 
to be directly prepared by replacing coelenterazine analogs from 
bFP-aq. This is a novel method for preparation different from 
that for semisynthesized aequorin e-AQ and h-AQ to be prepared 
from apoaequorin and coelenterazine analogs as shown in Example 
1 . On the other hand, using e-bPP and h-bFP as starting materials , 
various AQs other than e-AQ and h-AQ were prepared in the same 
manner. 



Table 7 Regeneration of bFP to aequorins by coelenterazine analogs 



Protein 


Type of CTZ 


Regenerated aequorin 


Regeneration 
efficiency(%) 




CTZ 


AQ 


100.0 


bFP-aq 


h-CTZ 


h-AQ 


9 6.7 




e-CTZ 


e-AQ 


2 7.2 




CTZ 


AQ 


1 0 4.6 


h-bFP 


h-CTZ 


h-AQ 


9 6.5 




e-CTZ 


e^AQ 


2 5.7 




CTZ 


AQ 


9 1.1 


e-bFP 


h-CTZ 


h-AQ 


82.6 




e-CTZ 


e-AQ 


2 0.1 



Preferred compounds as coelenteramide and its analogs are 
-0 described below. 



52 







54 




55 




56 




62 







67 





68 




70 




77 




83 




84 




86 




97 





98 




100 





102 




103 




105 





106 




110 




116 




120 




121 




122 




124 




127 





128 





N^NH 



OH 



N 




OH 







130 







133 




135 




137 




138 




144 




145 





146 




147 




148 




150 




151 





156 





158 



H3CO 




H3CO 





159 




160 





163 







164 





166 




168 




170 




172 




173 



H3CO 




H3CO 






174 






178 





182 







183 




184 





188 




189 




190 




194. 





196 







199 





200 




202 




204 




205 




207 




208 





211 






212 




215 




216 







217 





219 




220 




223 




225 




228 





230 







231 




232 




233 




234 





236 




238 




239 




242 






248 






249 





252 




253 





254 




256 




257 




258 




260 




264 




265 





267 




268 




271 




272 




274 




279 





280 




281 




284 




H3C CH3 



XiX. 





HO 





N 




HO 






H3C CH3 



288 





289 




294 




295 




296 




298 




299 




300 




302 




304 




305 




306 




308 




309 




310 




313 




314 




316 








N^NH CH3 




322 




323 




326 





327 





328 





329 




331 






332 







336 





337 




339 




340 




341 




342 







343 






344 




348 





349 





352 






356 




357 






358 







359 




360 






362 




363 





364 




365 





366 




368 




369 




372 




373 




374 




375 




376 




377 





378 




379 





383 




384 






387 




388 






390 




392 




396 




397 





398 




400 










401 




402 



INDUSTRIAL APPLICABILITY 

The fluorescent protein having chemi luminescence 
activity according to the present invention has 
fluorescence-generating ability together with 

chemi luminescence activity, which emits light by oxidizing a 
luminescent substrate as a catalyst. This fluorescent protein 
can be used, for example, as a photogen in the field of amusement , 
or a marker in biological experiments. By using one or both 
of chemiluminescence and fluorescence as a marker, applications 
in wide range of fields can be expected. 

The fluorescent siibstance (gFP) that does not contain 
calcium etc. of the present invention can be converted 
immediately into a calcium-binding photoprotein by reacting 
with coelenterazine . It can be applied to wide-ranging fields 
as a marker by detecting one or both of instantaneous 
luminescence and fluorescence due to calcium in biological 
experiments . 



